Publications digest Microdevices and nano-diagnostics
As a result of the rapid evolving micro-and nanotechnologies an increasing amount of microdevices is being developed for many different purposes, including for nano-diagnostics. We define nano-diagnostics as the field where nanotechnology is used for the diagnosis of a disease. Microdevices in general are key-enabling devices for a broad field including the bio(nano)-medical field. To emphasize the importance of these microdevices and the use of nanotechnology, Patrick Hunziker and I present a critical review in this issue entitled: "Towards nanodiagnostics for rapid diagnosis of infectious diseasescurrent technological state" [1] . In this work, we discuss the principle of lateral flow strips (like those used in pregnancy tests), the microfluidic "building blocks" such as sampling, mixing, fluid pumping and the importance of computer simulations. The final section presents nanotechnology for in vitro diagnostics.
A recent example in this field is the work of Li et al. [2] who developed an immunodevice for the electrochemical and multiplexed detection of tumor markers. The device is based on the use of nanoporous silver-chitosan that is coated with various metal ions (the labels) and a paper working electrode that was modified with cuboid silver (the sensor platform). A high sensitivity was achieved. The proof of principle was shown by the multiplexed detection of the cancer antigen 125 and 199. Linear ranges were provided over four orders of magnitude. Limit of detections were 0.08 mU/mL and 0.10 mU/ mL for the cancer antigen 125 and 199, respectively, in human serum [2] . The developed microfluidic immunodevice is promising for a wide spectrum of applications in point-of-care tests.
Single-cell nanobiopsy
Investigating single cells is very challenging. An exciting development in this area is the work of Actis and coworkers [3] . With their new nano-biopsy platform, it is possible to study the molecular biology of single cells. This platform is based on scanning ion conductance microscopy (SICM), which (for example) enables the imaging of living cells in both temporal as well as high spatial resolution [4] . The principle of the scanning probe technique is based on ion flow through a glass nanopipette aperture. When the nanopipette is scanned over a surface, the magnitude of the ion flow changes according to the changes in the topography of the sample being measured [5, 6] . The nanopipette can also be filled with an organic solution when the exterior is an aqueous solution. The result is a liquid-liquid interface at the opening of the nanopipette. By applying a voltage across this interface, tiny amounts of the aqueous solution can be forced into or out of the pipette [7, 8] . Acris et al. [3] used this technique to extract tiny amounts of mitochondrial DNA and total RNA out of living cells in culture and with minimal disruption. They showed that by the use of next generation genomic sequencing techniques, the mitochondrial mutation rates could be assessed at single cell level [3] . This technique enables the more accurate investigation of single cells such as, following the progression of a disease or the influence of a new drug.
Rolling circle amplification
For early diagnosis, the sensitivity of a test is of great importance when only a few target molecules are present. Current point-of-care devices are not sensitive enough to detect the DNA or RNA of a pathogen. Russel and co-workers [9] combined the electrical detection of DNA and the rolling circle amplification (RCA) technique [10, 11] . RCA was used to produce long single stranded DNA (ssDNA) molecules constructed of simple repetitive sequences. To stretch the ssDNA products that are attached to a surface, the anionic surfactant sodium dodecyl sulfate in TNT buffer (0.15 M NaCl, 10 mM Tris-HCl (pH 8.0), and 0.05% Tween-20) was used. These stretched molecules could then bridge an electrode gap of 5 μm. Gold nanoparticles attached to a complementary sequence (AuNP) were hybridized to the ssDNA strands and by using gold or silver solutions, the conductivity of the strings was enhanced. Russel et al. [9] showed that with this electrical detection technique, a signal to noise ration that is ∼10 orders of magnitude was provided. The capability was proven by using specific probes for the detection of Escherichia coli DNA, with a limit of detection of 1 ng of DNA (6.6 fM) [9] .
Upcoming events
The 10th NanoBio-Europe conference will be held from the 2nd to the 4th of June in Münster (Germany) and is organized by CeNTech GmbH. This conference focuses on the most recent developments in medical applications of nano(bio)technology. Examples of topics covered are: nano for diagnostics, imaging and sensing, nanotoxicology, regenerative medicine/implants, nano for drug and theranostics, and the EU Horizon 2020. This EU leading congress on nanobiotechnology offers 3 days of: plenary talks, industrial exhibitions, SMI sessions and thematic sessions and is a platform for interdisciplinary communication, new projects and cooperation for all participants. http://www.clinam.org/images/stories/conference.pdf The summit will be held from June 23rd to 25th in Basel and is organized by the European Foundation for Clinical Nanomedicine (CLINAM) and the European Technology Platform on Nanomedicine (ETPN). This indispensable worldwide platform brings together clinical nanomedicine and targeted medicine in the generic context with personalized medicine and the international debate platform on precise, highly effective novel spheres of medicine. This year's focus topic is: Paving the way to personalized diagnostics and personalized medicine. The conference is of interest to physicians, nanoscientist with a background in pharmacology, biology, physics, chemistry, biophysics, medicine materials science and engineering, developers of new tools and materials for nanomedicine but also for policymakers and experts from industry involved in the life sciences. The summit includes clinical topics and sessions on technology, implications and on strategy, government and politics.
